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OPERATIONAL %HARACTERISTICS, OF' RA-14 AVON TCTRBOJEI' ENGINE 

By Joseph N. Sivo and  William L. Jones 

SUMMARY 

The  windmilling  and  altitude  starting  characteristics  for  the "14 
Avon turbojet  engine  were  determined mer a range  of  altitudes from 
20,030 to 50,000 feet  and  flight  Mach  nwnbers  from 0.4 to 1.0. Success- 
ful ignition  and  acceleration  to  idle  speed  were  obtained up to an alti- 
tude  of 33,000 feet  at  all  Mach  nmibers  investigated  and  at 45,000 feet 
for flight  Mach nders below 0.5 and  above 1.0. The maxim operable 
altitude,  where  conibustor blowout occurred, was approximately 80,000 
feet . 

Throttle  bursts  and  wave-off-type  accelerations  were  attempted  at 
altitudes of 35,000 and 50,000 feet  at a flight Mach  number of 0.4. At 
35,000 feet,  successful  accelerations  to  rated  speed  were  obtained  with 
both  types of maneuvers.  The  wave-off-type  accelerations  at 35,000 feet, 
however,  were  characterized  by a series  of  compressor  surges  during  the 
accelerations. A t  50,000 feet, all acceleration  attempts  terminated in 
surge. 

Over-all  performance of the  engine  with  compressor-outlet  bleed  was 
determined  at an altitude of 37,500 feet  and a flight Mach  number  of 0.8. 
With  6-percent  bleed  flow  at  limiting  engine  temperature  ratio,  the  net 
thrust  decreased 14.2 percent, and the.net-thrust  specific  fuel  consump- 
tion  increased 9.8 percent. 

INTRODUCTION 

An  investigation of the  altitude  performance  characteristics of the 
RA-14 Avon  turbojet  engine was conducted a t  the  request of the  Bureau of 
Aeronautice,  Department of the  Navy,  in  an  altitude  test  chanher  at  the 
WCA Lewis  leboratory.  The  aver-all  engine  performance  characteristics 
with a fixed-area  exhaust nozzle are  presented  in  reference I, and  the 
acceleration  characteristics  are  presented  in  reference 2. The  opera- 
tional  characteristics 
tional  characteristics 

of  the  e?g-&e  are  presented  herein.  The  opera- 
investigated  were 

( 1) Windmilling 
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(2) Altitude  starting  and  acceleration  to idle 

(3) Altitude  operating  limits 

(4) Throttle  bursts  and  wave-off-type  accelerations  with  standard 

" 

control 

(5) Engine  performance  wlth  compressor-outlet  bleed 

Windmilling and  starting  data  were  obtained  over a range of altitudes 0 
rp 

fr.m 20,000 to 50,000 feet  and  flight  Mach  numbers  from 0.4 to 1.0. - 4  
I+ 

Throttle  bursts  and  wave-off-type  accelerations  were  inveetigated at 
altitudes of 35,000 and 50,000 feet  and a flight  Mach  number of 0.4. 
Data on the  effect of compressor-outlet  bleed  were  taken  at 37,500 feet 
and a flight  Mach  number of 0.8. 

Engine 

The RA-14 Avon  turbojet  engine has a rated  sea-level  static  thrust 
of 9500 pounda at an engine  speed of 7850 rpm  and a limiting  turbine- 
outlet  temperature of 1148O F (1608' R). The  engine is equipped  with a 
15-stage  axial-flaw  compressor, a cannular  combustor  with  eight  tubular- 
liners,  and a two-stage  turbine. 

. 

At the swestion of the  manufacturer,  the  engine was operated  to 
the  rating a€' the RA-28 Avon  turbojet  engine,  which has a rated  sea-level 
static  thrust of 10,000 pounds  at  an  engine  epeed of 8000 rpm  and a 
limiting  turbine-outlet  temperature  of 1220° F (1680O R ) .  

Limiting  turbine-outlet  temperature was determined  by  the manufac- 
turer's  four  thermocouples.  For  this  investigation,  the  engine  was 
operated  with a 2.36-square-foot  (20.8-in. diam.) fixed-area  conical 
exhaust  nozzle. 

- 

The  engine is equipped  with  variable  compressor-inlet  guide  vanesi 
a two-position  (open  or  closed),  seventh-stage  acceleration  bleed  port; 
and  compressor-outlet  bleeds  for supplying aircraft  service air. The 
inlet  guide  vanes  are  scheduled as a function of corrected  engine  speed. 
Below a corrected  engine  speed of 6100 r p m ,  the  inlet  gulde  vanes  are 
closed. From 6100 to 7200 rpm,  the guide vanes vary linearly  with  englne 
speed  from  full  closed (25O) to fu l l  open (-loo). The  acceleration  bleed 
port  is  open  below a corrected  'speed of 6200 rpm  and  closed  above  that 
speed.  The  compressor-outlet  bleeds are operated i n  accordance with the 
needs  of  the  aircraft  installation. 
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Installation 
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The  engine  was  installed  in  an  altitude  test  chaniber  which  consists 
of a tank 10 feet  in  diameter  and 60 feet long divided  into  two  compart- 
ments  by a bulkhead.  Air  from  the  front  compartment  was  ducted  to  the 
engine  inlet  through a be-outh  inlet  and a venturi,  which  was  used  to 
measure  the  air  flow. A labyrinth  seal  on  the  inlet  duct w a s  used  to 
prevent  leakage  from  the  front  to  the  rear  compartment.  The  engine  was 
mounted  on a thrust-measuring  platform in the  rear  compartment.  The 
pressure  and  temperature  in  the  front  compartment  and  the  pressure  in 

0 the  rear  compartment  were  regulated to simulate  the  desired altitude * flight  conditions. A photograph  of the  engine  installed  in the  test 
chamber  is  shown  in  figure 1. 

Instrumentation 

Instrumentation f o r  measuring  steady-state  temperatures  and  pres- 
sures  was  installed at various  stations  throughout  the  engine. A sche- 

c matic  sketch  of  the  engine sharing station  locations  and  pressure  and 
3 temperature  instrumentation  is  presented  in  figure 2. The  transient 
d instrumentation  used  in  conjunction  with  the  steady-state  instrumentation 
c is presented  in  table I. 

Engine  fuel flow during  steady-state  operation  was  measured  with 
calibrated  rotameters;  engine  speed,  with  remote-reading  tachometers; 
and  engine  thrust,  with a null-type  thrust  cell. 

Multichannel  oscillographs  were  used  to  obtain  transient  recordings 
of pressures,  temperatures,  fuel flow, throttle  position,  engine  speed, 
and  guide-vane  and  acceleration  bleed  positions  during  starting  and 
throttle  bursts  (see  table I). The  transient  equipment  used  had  suffi- 
ciently  rapid  response  to  allow  measurement of quantitative  values. 

For  the  windmilling  and  starting  tests,  the  engine-inlet  total  tem- 
perature  and  pressure  and  the  exhaust-nozzle  static  pressure  were  set 
to  simulate a range  of  altitudes  from 20,000 to 50,000 feet  and  flight 
Mach  nunibers  from 0.4 to 1.0. A free-stream  ram  recovery of LOO percent 
w&s assumed.  Prior  to  each  ignition  attempt,  complete  steady-state 
windmilling  data  were  obtained.  With  the  engine  windmilling,  the  engine 
throttle  was  advanced  to  the  idle  position. A total of 45 seconds was 
allowed for ignition.  If  ignition  did not occur  in 45 seconds,  the 
throttle  was  retarded  and  the  engine  was  allowed  to  windmill 3 to 4 min- 
utes before ignition  was  attempted  again.  Whenever  ignition  and  complete 
propagation  occurred,  as  determined by readings  from a thermocouple  in 
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each combustor lfner,  the  engine was allowed to   acce le ra te   to   id le  speed. 
If propagation of flame was not  complete,  the t h r o t t l e  was retarded  in 
preparation  for  another  igniti0.n  attempt. 

Thrott le burst  and wave-off-type acceleration data were obtained at 
35,000 ana 50,000 feet at a f l i g h t  Mach  number of 0.4. A t h ro t t l e   bu r s t  
consisted of an acceleration from idle t o  ra ted  speed  along the engine 
control.schedule w i t h  the advance of the  engine  throttle from the idle. 
t o  rated posit ion completed i n  1 second or lese .  The wave-off-type  ac- 
celeration  consisted of a deceleration from rated t o  id l e  speed  followed 
immediately by a t h ro t t l e  b u r s t  wi th  a l l  th ro t t l e  movements completed 
i n  1 second or   less .  I n  general,  the  engine was allowed  approximately 
3 minutes t o  reach  equilibrium  temperature  conditions  prior  to a thro t t le -  
burst acceleration or wave-off-type maneuver. 

. 

. .. .. 
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Compressor-outlet bleed data were obtained at an a l t i t ude  of 37,500 
f ee t  at a f l i g h t  Mach  number of 0.8. Engine corrected  speeds of 6660, 
7300, 7850, 8400, and 8580 rpm were set. A t  each  corrected  engine  speed, 
a range of bleed flows was run f r o m  zero flow t o   e i t h e r  maximum bleed 
flow, as governed73y the  bleed-port  size, or rated turbine-outlet 
temperature. L 

RESULTS AND DISCUSSION I 

Windmilling 

Windmilling data (table 11) were obtained  over a range of altitudes 
from 20,OOO t o  50,000 f e e t  and f l i g h t  Mach numbers from 0.4 t o  1.0 and 
are  presented  in figures 3 t o  5. Corrected engine windmilling  speed is 
presented as a function of f l i g h t  Mach number i n  figure 3. A single 
curve  defines  the  corrected  speed  for  the  range of conditions  investi- 
gated. A t  a f l i g h t  Mach  number of 0.6, the  engine  windmilled at approxi- 
mately 29 percent of rated  speed (7850 rpm). 

Curves of corrected  engine air flow, compressor total-pressure  ratio,  
and  compressor total-temperature  ratio  against  corrected  engine windmil- 
l ing  speed.are  presented  in  f igure 4 .  Over the range of corrected  engine 
speeds  associated  with windmi l l ip3  conditions,  satisfactory  generaliza- 
t ion  of all these parameters w a s  obtained. A t  corrected  speeds below 
2800 rpm, a pressure loss occurred  across  the compressor.  Corrected wind- 
milling drag against   corrected  a i r  speed is presented i n   f i g u r e  5. The 
data scatter  here i s  a result of t h e   d i f f i c u l t y   i n  determining ne t  thrust  
accurately st the low thrust  levels  involved. 

. 
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Igni t ion  and  Accelerat ion  to   Idle  

5 

The a l t i t u d e  starting limits f o r  a range of f l i g h t  Mach numbers 
are presented  in   f igure 6. Each symbol  on the  f igure  denotes two or  
more ignit ion  attempts.  The m a x i m u m  a l t i t u d e  a t  which ign i t ion  w a s  at- 
tempted was 50,000 feet. For Mach numbers below 0.5, ign i t ion  w a s  ob- 
tained up t o  t h i s   a l t i t u d e .  As the  Mach  number w a s  increased to 0.7, 
the  maximum a l t i t u d e  far ignition  decreased  to  approximately 33,000 feet. 
A fur ther   increase   in  Mach  number t o  1.0 increased  the maximum a l t i t u d e  
f o r   i g n i t i o n   t o  45,000 feet. This t r end   i n   i gn i t i on  limits has been 
observed on other  engines. The lowering of the   ign i t ion  limits as the 
f l i g h t  Mach  number w a s  increased is  a t t r i b u t e d   t o  the increase   in  com- 
bustor   veloci t ies   that   occurred  with  increasing Mach  number in   t h i s   r eg ion .  
(As.noted i n   f i g .  4, the air flow increased  without a s igniffcant   in-  
c r ease   i n  compressor pressure   ra t io  up t o  a Mach  number of about 0.7 
(corrected  windmilling  speed of 2700 rpm).) A s  t he  Mach  number w a s  fur- 
ther  increased, the increase  in   pressure rise across  the compressor 
offset   the   increase  in   veloci ty ,   resul t ing i n  a more favorable  condi- 
t ion   for   ign i t ion .  

The following table l ists  the  combustor-inlet  conditions  present 
at points  along  the  ignition  envelope: 

Alti tude,  

vb temperature, t o t a l  number, 
velocity,  o u t l e t   t o t a l  ou t l e t  Mach f t  
Combustor Compressor- Compressor- Free-stream 

Mo pressure, T3 
p3 

35,000 

81.4  482 875 .8 33,000 

54.7 A 3  3 595 -6 
50,000 

97.8 505 895 .9 38,000 

67.8 460 755 .7 32,500 

44.7 420 271 0.5 

45,000 1.0 820 546 120.0 

A region of incmplete   propagat ion  exis ted at an   a l t i t ude  of 50,OOO feet 
at a f l i g h t  Mach  number of approximately 0.45. 

An oscil lograph  trace of an a l t i t u d e  start is presented   in   f igure  
7 t o   i l l u s t r a t e  how parameters such as engine  speed,  engine f u e l  flow, 
turbine-outlet  temperature,  compressor-inlet  and  -outlet  pressures, am- 
bient  exhaust pressure, and fuel  manifold  pressure vary during a typica l  
a l t i t u d e  start and acce le ra t ion   t o   i d l e  speed. 
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Ignition,  propagation,  and  acceleration times obtained from traces 
similar t o   t h a t  of f igure  7 are presented in   f i gu re  8 for various  f l ight  
conditions. A t  an a l t i t ude  of 30,000 feet (fig.  8(a)) ,  an increase i n  
f l i g h t  Mach  number from 0.4 t o  0.8 caused the igni t ion time to   increase  
from 4 t o  8 seconds, the propagation time (determined by observation of 
thermocouples  located at the  combustor-outlet) t o  decrease from 2.5 t o  
1.0 seconds,  and the time required  to   accelerate  the engine t o  idle 
speed t o  decrease from 38.5 to-13.0 seconds. The time required  to  es- 
tablish f u e l  manifold  pressure l o r  t h i s  range of Mach numbers was ap- 
proximately 4.0 seconds.  Therefore, at low f l i g h t  speeds,  the  ignition 
time  (time elapsed from when the   th ro t t le  was advanced unt i l   ign i t ion  
occurred) was primarily a function of the time required t o  es tab l i sh  fuel 
flow. As the  Mach  number was increased t o  0.8, an additional 3 seconds 
over  the time required t o   e s t a b l i s h   f u e l  flow was required for  ignftion. 

The effect of altitude on these times a t  a Mach  number of 0.4 i s  
presented i n   f i g u r e  8(b). Igni t ion time increased  sl ightly with alti- 
tude. However, the major portion of the time required for igni t ion can 
be a t t r i b u t e d   t o  the time  required  to  obtain fuel manifold pressure (es- 
tablishment of f u e l  flow) since  ignition  occurred almost imnediately 
after the fuel  pressure  reached i ts  ateady-state  pressure value. The 
acceleration time increased  from 25.5 t o  62 seconds when the altitude 
was increased from 20,000 t o  40,000 feet .  As previously mentioned, 
propagation w a s  incomplete at an altitude of 50,000 feet; acceleration 
was therefore  not  possible at this f l ight   condi t ion.  It was determined 
that  ignition,  propagation,  and  acceleration were possible at 45,000 feet  
and a f l i g h t  Mach number below 0.5 and  above 1.0. 

Altitude  Operating Limi ts  

The operational limits of the engine  with the rated exhaust  nozzle 
are presented i n   f i g u r e  9. The operational limits presented are the  
engine  speed for  limiting  turbine-outlet  temperature, the engine speed 
fo r  "idle" thro t t le   pos i t ion ,  and the  windmilling  speed as functions of 
a l t i tude .  For al t i tudes above 20,000 feet, limiting  turbine-outlet tem- 
perature occurred below rated engine  speed (7850 rpm). Increasing  the 
a l t i t ude  from 20,000 t o  80,000 feet necessitated a ll-percent decrease 
i n  engine  speed i n  order t o  maintain  limiting  turbine-outlet  temperature. 
The idle-speed  line  intersected the limiting-temperature l i n e  a t  approx- 
imately 81,000 feet. I n  this  region  engine blowout occurred,  but it 
was not  determined  whether or not the engine blowout was preceded by 
compressor  eurge. 

P 

rp 
3 
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Throttle B u r s t s  and Wave-Off -Type Acceleration 

Throttle  bursts,  which consisted of accelerations from i d l e  speed 
to rated speed,  and wave-off -type accelerations, which consisted of de- 
celerations from rated t o  idle speed followed by accelerations to rated 
speed, were obtained at two al t i tudes.  A l l  t h r o t t l e  movements were com- 
p le ted   in  1 second or less. A typical  multichannel  trace of a t h r o t t l e  
burst  shawing haw the  various  engine  parameters  varied  during  the  engine 
acceleration i s  presented i n   f i g u r e  10. 

The campressor-inlet-guide-vane posit ion and the  acceleration  path 
taken by the  engine i n  terms of cmpressor   total-pressure  ra t io  and cor- 
rected engine  speed are presented  in  figure n. D a t a  are shown f o r  two 
t h r o t t l e  bursts and one wave-off maneuver. 

The guide-vane position  during  the  accelerations  differed from the 
average  production  guide-vane-position  schedule.(preferred  schedule)  for 
a l l  acceleration  attempts. The engine  speed at which the  bleed  ports 
closed w a s  a lso  different   for   each  accelerat ion a t t empt .  The deviations 
from the  preferred  schedule may have been due t o   e i t h e r  improper  temper- 
a ture  compensation in   t he   con t ro l  system or to di f fe rences   in   the  t e m -  
perature and pressure  conditions  surrounding  the  engine and control 
system  from what w a s  ant ic ipated  for  flight conditions. A hysteresis 
also  occurred i n  the guide-vane  schedule, as indicated by the guide-vane 
schedule  obtained  during  the  wave-off-type maneuver (path ABCDEA). 

Surge-free  acceleration w a s  obtained  for a rapid  acceleration from 
idle to rated  speed when the  engine was operated at idle speed f o r  at 
least 3 minutes  prior to an acceleration  attempt. When the  idling  period 
was reduced, one cycle of surge  occurred at a corrected  engine  speed of 
7080 rpm as the  engine  accelerated  to rated speed. 

For the wave-off-type  acceleration,  engine  surge  occurred at cor- 
rected speeds from 5800 t o  7500  rpm, w h i l e  there w a s  no surge from 7500 
rpm to ra ted  speed. The acceleration was characterized  by a series of 
one or two cycles of surge  followed by recovery as the  engine  accelerated. 

The differences  in   the  total-pressure  ra t io   during surge fo r   t he  
t h r o t t l e  bursts and for   the wave-off-type maneuver were, i n   p a r t ,  due to 
differences  in  the  inlet-guide-vane  schedules mentioned previously. 

The shif t   in   the  s teady-state   operat ing  l ines  w a s  a l so  a r e su l t  of 
differences  in  inlet-guide-vane  schedules  for  the  afferent  acceleration 
attempts. The operating  l ines  for  their   corresponding guide-vane  sche- 
dules were determined  from  previously  run  unpublished data on the   e f fec t  
of inlet-guide-vane  variation. 
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The time required  for the engine to   accelerate  from idle t o  rated 
speed at 35,000 f e e t  and a f l i g h t  Mach number of 0.4 with no surge when 
stall  did not  occur was 8.0 seconds.  This  time  increased t o  8.4 seconds 
when  one cycle of surge  occurred and t o  10.3 seconds when several  cycles 
of surge  occurred. 

A t  an  a l t i t ude  of 50,000 f e e t  and f l i g h t  Mach  number of 0.4, a l l  
attempts to  accelerate  the  engine from id le  speed  terminated i n  surge 
from which the engine  could  not  recover  without t h ro t t l e  manipulation. 
A t  t h i s  alt i tude  the  engine did not accelerate during surge. A l l  wave- 
off attempts also terminated i n  surge. From the  transient  traces of 
f u e l  flow obtained during acceleration a t  an  a l t i tude of 35,000 feet ,  
it appeared that, when surge  occurred and compressor-outlet  preseure de- 
creased, t h e  engine f u e l  control reduced f u e l  flow t o  a va lue  where surge 
recovery w a s  possible. However, a t  50,000 fee t ,  when surge  occurred, 
tne f u e l  control   d id  not reduce  the  fuel flow enough t o  al low corn- 
surge  recovery. A successful  surge-free  acceleration w a s  made at  50,000 
f e e t  from 7400 rpm to  rated  speed. The t i m e  required f o r  acceleration 
a t  this condition was 6.0 seconds as compared with 1.4 seconds required 
at 35,000 feet fo r  the same condition. , 

s 
The maximum exhaust-gas  temperature  reached was approximately 

1650° R f o r  a l l  the acceleration  attempts made during  this  investigatl.on. 
A more complete analysis of t h ro t t l e  b u r s t s  and wave-off accelerations * 

is  presented  in  reference 2. 

tP 

tP 
s 

Compressor-Outlet B l e e d  

A t  each of f i v e  corrected  engine  speeds, a range of compressor- 
ou t le t  bleed-air flows w8s run by varying  the  bleed-port area. The data 
obtained are tabula ted   in   t ab le  III. The figures  presented  herein were 
obtained by cross-plotting  the  tabulated data. 

The  maximum bleed-flow r a t i o   ( r a t i o  of bleed air flow t o  engine- 
i n l e t  air flow) as limited by either the  size of the  bleed  ports  or 
limiting  turbine-outlet temperature is presented i n  f igure 12 as a func- 
t ion  of corrected  engine  speed. The maximum bleed flow obtained was 7 . 1  
percent at a corrected  speed of approximately 8300 rpm. 

The m e r - a l l  engine  performance character is t ics   for   var ious bleed 
flows are p lo t ted   in   f igure  13 f o r  an a l t i t ude  of 37,500 f e e t  and a 
f l i g h t  Mach number of 0.8. With limiting  engine temperature r a t i o  I 

(Tg/Tz = 3.63), an increase  in  compressor-outlet  bleed flow from zero to 
6 percent  necessitated a 2-percent  reduction i n  engine  speed  (fig. 13(a)). 
A t  limiting  temperature  ratio,  the  fuel flow (fig.  13(b))  decreased 4.2 
percent as a r e su l t  of the  decreased  engine  speed when the  bleed flow was 
increased from zero t o  6 percent. 

c 
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A loss in   ne t   t h rus t   o f  14.2 percent  occurred when the  bleed flow was 
increased from zero   to  6 percent at l imit ing temperature ra t io   ( f i g .  
13(c) ) .  This loss w a s  a result of both the engine  speed  reduction  requir- 
ed t o  maintain rated temperature  and  the loss i n  engine air flaw over- 
board through the bleed ports .  The reduction i n  engine  speed  reduced 
engine  pressure  ratio and air flow. The bleed flow  lost  overboard ne- 
cess i ta ted  an  increase  in the extracted  turbine work per pound of gas 
flowing  through  the  turbine, that is, increased  turbine  pressure  ratio 
which further reduces the engine  pressure  ratio.  

Because the   ne t   th rus t  and engine fuel flaw decreased 14.2 and 4.2 
percent,  respectively, when the bleed flow w a s  increased  to  6 percent a t  
l imiting  temperature  ratio,  the ne t - thrus t   spec i f ic   fue l  consumption 
increased  approximately 9.8 percent at this condition  (fig.  13 (d) ) . 

From an  investigation of the  windmill ing  and  start ing  characteris-  
t i c s  of the  RA-14 Avon turbojet  engine,  the  compressor  pressure  ratio, 
temperature r a t i o ,  and air flow  generalized with corrected  engine speed 

accelerat ion  to  idle speed w e r e  obtained at an   a l t i tude  of 33,000 feet 
a t  a l l  Mach numbers investigated and at an   a l t i tude  of 45,000 feet f o r  
f l i g h t  Mach nuibers below 0.5 and  above 1.0. 

'cu 
A u f o r  the range of flight conditions  presented.  Successful  ignition  and 
- 

In  order  to  maintain  l imlting  turbine-outlet   temperature  with  the 
rated  f ixed-area  exhaust  nozzle  installed on the engine, a reduction of 
11 percent  in  engine  speed w a s  required as the a l t i t u d e  w a s  increased 
from 20,000 t o  80,000 feet. The maximum operable  alt i tude,  where combus- 
t o r  blowout  occurred, w a s  approximately 80,000 f ee t .  

With the  standard  engine  control,  successful  accelerations from 
idle t o  rated speed were obtained at 35,000 feet at a f l i g h t  Mach number 
of 0.4 for   both  throt t le-burst  and  wave-off-type  accelerations. The 
wave-off-type  accelerations w e r e  characterized by a series of compressor 
surges  during  the  accelerations. A t  50,OOO feet a l l  acceleration  attempts 
from idle speed  terminated i n  compressor  surge. 

A t  an   a l t i tude  of 37,500 feet and a f l i g h t  Mach number of 0.8, a 6- 
percent  compressor-outlet bleed flow at limiting  engine  temperature  ratio 
r e s u l t e d   i n  a 14.2-percent  decrease i n   n e t   t h r u s t  and a 9.8-percent  in- 
c rease   in   ne t - thrus t   spec i f ic   fue l  consumption. 

Lewis Flight  Propulsfon  Laboratory 
National  Advisory Committee for Aeronautics 

Cleveland, Ohio, Apri l  13, 1956 
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APPENDIX - SYMBOLS 
je t  thrust ,  lb 

net  thrust ,  lb 

f l i g h t  Mach  number 

engine  speed, rpm 

total  pressure,  lb/sq S t  abs 

static  pressure,  lb/sq f t  abs 

la rge-s lo t   fue l  manif013 pressure,  lb/sq  in. 

6 m a l l - S l O t  fuel manifold  pressure,  lb/sq  in. 

net-thrust   specific fuel consumption, wf/Fn, (lb/hr)/lb  thrust 

total temperature, OR 
velocity,   f t /sec 

weight flow, lb/sec or lb/hr 

r a t i o  of absolute  total   pressure tn absolute  static  pressure of 

" . .. 

* 

standard NACA atmosphere at sea leve l  

r a t i o  of absolute  total  temperature t o  absolute static temperature 
of standard NACA atmosphere at sea leve l  

- 

Subscripts : 

a air 

B bleed sir 

b combustor 

f f u e l  

0 free stream 

1 air  -f l o w  measuring a ta t ion  

2 compressor i n l e t  

3 compressor out le t  

I 

c 

Ip 

cp 
?l 

.. . . 
" 
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4 t u rb ine   i n l e t  

5 turbine  out le t  

9 exhaust-nozzle inlet 

10 exhaust-nozzle outlet 

11 

1. Sivo,  Joseph N., and  Jones, William L. : Preliminary Altitude  Per- 
f ormance Data f or the RA-14 Avon Turbojet Engine. NACA RM E55K07a, 
1955. 

2. Russey, Robert E.: Altitude  Acceleration  Investigation of the  RA-14 
Avon Turbojet  Engine. WCA RM E56CO1, 1956. 
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Parameter 

Engine  throttle 

Engine  fuel flow 

Inlet  total  pressure 

:ompressor-outlet 
total pressure 

Utitude static 
pressure 

Exhaust-nozzle-inlet 
total pressure 

Exhaust-nozzle-inlet 
total temperature 

[let-guide-vane 
position 

Interstage  bleed 
position 

:ompressor-outlet 
bleed 

hglne speed 

kge slot,  main 
fuel pressure 

hnall slot,  pilot 
fuel  pressure 

hgine 
$tation 

Steady-state 
instrumentation 

Manual 

Calibrated  rotameter 

Average of 18 total- 
pressure  probes 

Average of 20 total- 
pressure  probes 

kverage of 4 lip 
static-pressure 
probes at exhaust- 
nozzle  exit 

Average of 16 .total- 
pressure  probes at 
exhaust-nozzle 
inlet 

kverage  of 22 
thermocouples 

Potentiometer con- 
nected to master 
@de vane 

Two total-  and  one 
static-pressure 
probes i n  bleed  duct 

rV0  ducts  with two 
total- and one 
static-pressure 
probes in bleed  duct 

Engine  tachometer  gen- 
erator  and  elec- 
tronic  pulse  counter 

Bourdon gage 

Bourdon gage 

Transient  instrumentation 

Limit  svltches at idle and 
full-throttle  positions 

a-c  Output of f l o w  meter  rec- 
tified to d-c  voltage  pro- 
portional to fuel flow 

Aneroid-type  pressure  sensor 
with  strain-gage  element 

Aneroid-type  pressure  sensor 
uith  strain-gage  element 

Rneroid-type  pressure  sensor 
with  strain-gage  element 

heroid-type  pressure  sensor 
ulth  strain-gage  element 

3ingle  thennocouple  with  elec- 
tronic  network to compensate 
far thermocouple lag 

%me &B steady-atate 
instrumentstion 

burdon type  preseure  sensor 
completing  electric  circuit 

bgine tachometer  generator, 
a-c  rectified to d-c  voltage 
proportional  to  epeed 

Mated-tube pressure sensor 
with variable reluctance 
bridge 

Meted-tube pressure p ens or 
with variable  reluctance 
bridge 
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e q d  

Utitude, 
it 

cmrprsssor- 
det total 
a r g r n ~ e  

2' 
486 
481 

422 

45.4 
445 

468 

426 
421 
425 

444 
4 6  

475 
474 

4l.l 
4D8 
415 
47.3 
424 
434 
475 

4 u  
454 
uo 
459 
474 

uo 
UO 
428 
422 

444 
454 

445 

M 
01 I 
ID I I -  - 1u)g 20,000 1085 

le42 
978 
978 

0.3g .59 I E 7ae 
802 

956 
em 

852 

851 
e34 

638 

17 38 
26.89 
35.46 
58.10 

26.31 
26.78 
32.97 
54.59 
37.65 
51.99 53.81 

1W 498 

608 css 
691 

421 
446 
460 
474 

ueo 647 
1324 5S1 

632 
839 
699 
751 
782 
Y E  
946 

we 
497 
501 

499 
334 

502 
508 

0.58 

2975 .I8 
.71  

1301 .61 
2177 

2782 

-80 3127 
1 .oo 4Q78 
1-00 4201 

I 

440 
483 
469 
so8 
508 
580 
748 

591 
3% 
398 
397 
304 
597 
304 

17.62 
16.65 
22.09 
28.24 
26.17 
32.E4 
55.66 

4l.9 
456 

410 

46l 
408 

474 
490 
425 

479 
543 

424 
4!52 

1057 559 

352 4a5 
u7 
c82 468 
680 
790 

502 
547 

26s 410 
276 428 
291 450 
289 431 
328 462 
366 467 
688 439 

"- 372 

472 
4s8 

491 
588 

3U 
sae 
508 
512 
314 

Zl.99 
30.46 
36.23 
44.27 
51.68 

17 3 9  
17.80 
24.40 
24.04 
29.21 
33 .a. 
55.91 

275 
289 
312 
3 l l  
SU 
372 
582 

247 
247 
247 
240 
245 
247. 
z43 

2107 
2582 
8920 

' I  
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Number of probes 
Static \Total I To ta l  

Figure 2. - Schematic  sketch of RA-14 Avm turbojet engine ahming instrumentation  stations. 
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Flight Mach number, M 

Figure 3.  - Corrected engine +.hilling epeede for range of altitudes and fllght Mach 
numbers. 
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Corrected engine windmllllng speed. 
N/*. r p m  

Figure 4 .  - U~ndmilllng compressor prlormanae. - 
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Figure 5. - Englne wlndmilllllg drag characteristics. 



20 MACA RM E56DU9 



. .. . . . .- . . . . . . . . . . . . . . . . . . . . . . .. . . .  

V 4074 4 



Free-stream Mach number, Mo 
233 349 417 464 

Approximate &speed, hots 

(a) Effect of flight Mach number;  altitude, 30,000 feet. 

0 10,000 20,000 30,000 40,000 50,000 
Altitude.  ft 

a46 236 230 230 
Approximate  airspeed, knots 

(b) Effect of altitudeJ flight Mach number, 0.4 

Figure 8, - Igni t ion,  propagation, and acceleration  characteristics. 
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7200 7600 8000  8400 
Corrected engine epeed, N/+& r p m  

Figure 12. - Maximum obtainable  compressor-outlet bleed flow. Altitude, 
37,500 feet3  f l ight Mach number, 0.8. 
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(a) Engine tot&-temperature ratio. 

Figure U. - Over-dl engine  performance chmacteristics  for 
vEcrious compressor-outlet bleed flows. Altitude, 37,000 
feet; flight Mach nuniber, 0.8. 
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7200 7600 . 8Ooo 8400 a m  
Corrected  engine  speed, N/&, r p n  

(b) Engine corrected fuel f l o w .  

Figure 13. - Continued. Over-dl engine performance  chaxac- 
teristics for varioue compressor-outlet bleed flove. Alti- 
tude, 37,000 feeti flight Mach number, 0.8. 
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6800 7200 7600 8ooo 8400 8800 
Corrected  engine  speed, HI-, r p m  

(c)  Engine  corrected  net  thrust. 

Figure 13. - Continued.  Over-&  engine  performance  charac- 
teristics  for  various  compressor-outlet  bleed  flows. Alti- 
tude, 37,000 feeti  flight  Mach  number, 0.8. 
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6800 7200 7600 moo 8400 8800 
Corrected  engine speed, N/-,&, r p n  

(a) -ne corrected net-thrust  EPeCifiC fuel consumption. 

Figure 13. - Concluded. Over-all engine performance charac- 
teristics for various compressor-outlet bleed  flows. Alti- 
tude, 37,r)o feeti  flight Mach number, 0.8. 
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